INTRODUCTION
============

An outbreak of pandemic influenza A (H1N1) virus infection during 2009-2010 was responsible for severe respiratory disease and deaths worldwide, especially in children and elderly people with chronic diseases.[@B1] In Korea, following identification of the first case of novel influenza A (H1N1) on 2 May 2009, the virus spread at an unprecedented speed, resulting in elevation of the country\'s flu alert to \"red,\" the highest level of the four-level scale, on 3 November 2009.

Although most influenza A virus infections result in self-limited, uncomplicated disease, higher rates of morbidity and mortality have been noted among children.[@B2] Pneumonia is one of the most common complications in children hospitalized with influenza, and has been reported in 10%-26% of children hospitalized with influenza.[@B3],[@B4] In a recent study, 35% of influenza A (H1N1)-related deaths in children were due to pneumonia.[@B5]

Several studies have suggested that asthma may be a risk factor that worsens respiratory symptoms during pandemic H1N1 virus infection. Recent studies have reported that asthma was the most common condition present in both children (29%) and adults (27%) who were hospitalized due to H1N1 viral infection,[@B6] and that asthma was a risk factor that aggravated respiratory conditions in patients with pandemic H1N1 influenza viral infection.[@B7] In another study, asthma was identified as a significant independent risk factor, after controlling for age. Children with pandemic influenza H1N1 were more likely to have asthma than children with seasonal influenza (22% vs. 6%). Furthermore, 42% of the children with pandemic influenza who were admitted to the intensive care unit (ICU) had asthma. Of note, more than 50% of the asthmatic children with pandemic influenza presented with evidence of pneumonia, with or without bronchospasm.[@B8]

While asthma is a risk factor for respiratory infection, atopic sensitization may be a risk factor for more severe respiratory symptoms. In a prospective cohort study, atopic sensitization in children was associated with severe respiratory syncytial virus infection requiring hospitalization, compared with the control group (*P*=0.004).[@B9] Another study suggested that patients with atopic conditions other than asthma were at increased risk for developing severe pneumococcal pneumonia, compared with patients without atopic conditions (adjusted Odd ratio \[aOR\], 2.13%; Confidence interval \[CI\], 1.04-4.35; *P*=0.048).[@B10]

Several studies have been conducted regarding the relationship between atopic sensitization and bacterial or viral infection. However, there are few data on the association between atopic sensitization and H1N1 viral infection. In this study, we compared the clinical features and atopic sensitization rate between children with H1N1 viral infection and children with non-H1N1 viral infection during a pandemic H1N1 infection period.

MATERIALS AND METHODS
=====================

Study subjects and design
-------------------------

We enrolled 214 children who were hospitalized with influenza-like symptoms in the Department of Pediatrics, Kangbuk Samsung Hospital from September 2009 to February 2010, during an outbreak of pandemic H1N1 virus infection. Influenza-like symptoms were defined as a temperature ≥37.8℃ and at least one of the following symptoms: cough, sore throat, rhinorrhea, myalgia, and headache. All patients were checked for H1N1 viral infection. Detection of the H1N1 virus was performed with nasopharyngeal aspirate samples using a real-time reverse-transcription polymerase chain reaction (RT-PCR) method (LG Life Sciences, Seoul, Korea). We did not perform other viral studies during this period.

We reviewed patient medical charts and collected data including age, sex, presenting symptoms, duration of hospitalization, family history of allergic diseases, and history of ever having been diagnosed with atopic dermatitis, allergic rhinitis, or asthma. We also examined atopic sensitization and chest X-ray findings. We defined severe respiratory illness in patients as being admitted to the ICU; requiring invasive or non-invasive mechanical ventilation; having oxygen saturation below 90% in room air, as measured by pulse oxymetry; and/or receiving systemic steroids for more than 3 days. Patients meeting any of the following criteria were excluded from the study: presence of malignancy, immunodeficiency, or congenital heart disease; presence of an alternative diagnosis during follow-up; and hospitalization during the preceding 72 hours.

A previous history of allergic diseases was defined as any previous diagnosis of asthma, allergic rhinitis, or atopic dermatitis by doctor. Patients were diagnosed with asthma on the basis of wheezing in the chest and the effectiveness of anti-asthmatic medicines such as β2-agonists. Pneumonia was defined as the presence of alveolar consolidation on chest X-ray. Pediatric radiologists interpreted all chest X-rays at the time of admission and classified pneumonia as interstitial, lobar, or bronchopneumonia. They also investigated the presence of parapneumonic effusion and atelectasis. We compared clinical features and atopic sensitization between H1N1-positive and H1N1-negative children and between children with H1N1 viral pneumonia and non-H1N1 pneumonia. We also compared respiratory severity according to atopic sensitization.

This study was approved by the institutional review board of the Kangbuk Samsung Hospital.

Laboratory tests
----------------

Blood samples were analyzed to determine white blood cell count, total eosinophil count, C-reactive protein level, total IgE, and allergen-specific IgE antibody. Total IgE concentration and specific IgE levels to six common aeroallergens (*Dermatophagoides farina*, *Dermatophagoides pteronyssinus*, cats, dogs, *Alternaria*, and cockroaches) were assayed using ImmunoCAP (Pharmacia Diagnostics, Uppsala, Sweden). Atopic sensitization was defined as at least one specific IgE level \>0.35 IU/mL.

Statistical analysis
--------------------

Statistical analysis was performed using STATA version 11.1 (StataCorp LP, College Station, TX, USA). Differences between groups were analyzed using Student\'s *t*-test and the χ^2^ test. Quantitative variables are expressed as means±SD. Logistic regression analysis was performed to determine the association between atopic sensitization and respiratory severity. aORs and 95% CIs were derived after adjusting for age, sex, and history of allergic diseases. Values of *P*\<0.05 were considered to indicate statistical significance.

RESULTS
=======

Clinical characteristics of H1N1 infection
------------------------------------------

The clinical manifestations in the children with H1N1 viral infection are shown in [Fig. 1](#F1){ref-type="fig"}. The most common presenting symptoms at admission were fever (100%) and cough (93%). Forty-two percent of the children had at least one gastrointestinal symptom such as vomiting, diarrhea, and abdominal pain. Dyspnea was reported in 14.2% of the patients, and less common symptoms included seizure and skin rash (each 1.42%).

Comparison of clinical and laboratory characteristics between children with and without H1N1 infection
------------------------------------------------------------------------------------------------------

We compared the clinical and laboratory findings of children with and without H1N1 viral infection ([Table 1](#T1){ref-type="table"}). Among 214 study subjects, 70 children (32.7%) were confirmed to have H1N1 viral infection, and 144 children (67.3%) showed negative results. Patients with H1N1 viral infection were older and had lower white blood cell counts as compared with H1N1-negative children. The mean duration of hospitalization, blood total eosinophil count, and C-reactive protein level did not differ significantly between the two groups. Total IgE concentration, atopic sensitization rate, and positive sensitization rate to *D. pteronyssinus* and *D. farinae* were all higher in children with H1N1 infection than in children without H1N1 infection. However, there were no significant differences in the rates of positive sensitization to cats, dogs, *Alternaria*, and cockroaches. H1N1-positive children were more likely to have a previous history of asthma and allergic rhinitis than those without H1N1 infection, whereas history of atopic dermatitis and family history of asthma, allergic rhinitis, and atopic dermatitis were not significantly different between the groups. The prevalence of pneumonia was significantly higher in H1N1-positive children than in H1N1-negative children (42.9% vs. 24.3%, respectively). There was no significant difference in the prevalence of asthma between the two groups.

Comparison of clinical and laboratory characteristics between children with and without atopy
---------------------------------------------------------------------------------------------

Sixty-eight children had atopic sensitization (31.8%). Children who had atopic sensitization were older, predominantly male, and had longer hospitalization stays and higher serum total IgE levels than children without atopic sensitization. The prevalence of pneumonia, asthma, and H1N1 infection increased in children with atopic sensitization compared with children without atopic sensitization. The prevalence of a previous history of asthma and atopic dermatitis was significantly higher in children with atopic sensitization than in children without atopic sensitization. However, there was no difference in the prevalence of a family history of allergic diseases ([Table 2](#T2){ref-type="table"}).

Comparison of respiratory severity and chest X-ray findings between H1N1 and non-H1N1 pneumonia
-----------------------------------------------------------------------------------------------

We next investigated respiratory severity and chest X-ray findings in children with pneumonia according to the presence of H1N1 infection ([Table 3](#T3){ref-type="table"}). The prevalence of pneumonia was 42.9% in children with H1N1 infection and 24.3% in children without H1N1 infection. There were no significant differences in location or types of pneumonia between H1N1-positive and non-H1N1 pneumonia. There was a higher prevalence of atelectasis in H1N1 pneumonia than in non-H1N1 pneumonia. Four children with H1N1 pneumonia demonstrated atelectasis, with one showing massive atelectasis with mediastinal shifting ([Fig. 2](#F2){ref-type="fig"}). Children with H1N1 pneumonia tended to have higher rates of lobar pneumonia, effusion, ICU care, systemic corticosteroid therapy, and oxygen therapy than children with non-H1N1 pneumonia, although the differences in rates were not statistically significant. The rate of atopic sensitization was significantly higher in children with H1N1 pneumonia than in children with non-H1N1 pneumonia (63.3% vs. 37.1%; *P*=0.035), but the prevalence of a history of allergic diseases did not differ between the groups. None of the patients had organ failure or required mechanical ventilation.

Respiratory severity and laboratory findings in children with and without H1N1 viral infection according to atopic sensitization
--------------------------------------------------------------------------------------------------------------------------------

We compared respiratory severity according to atopic sensitization in children with and without H1N1 viral infection ([Table 4](#T4){ref-type="table"}). Atopic sensitization was present in 24.5% and 47.1% of the children without and with H1N1 viral infection, respectively. In the H1N1 group, children with atopic sensitization were older and had a longer duration of hospitalization than non-atopic children, whereas these parameters did not differ according to atopic sensitization in children in the non-H1N1 group. The prevalence of pneumonia was higher with atopic sensitization than without atopic sensitization in both the H1N1 (57.6% vs. 29.7%, respectively; *P*=0.019) and non-H1N1 groups (37.1% vs. 20.4%, respectively; *P*=0.045). However, compared with non-atopic children, ICU care, atelectasis, and oxygen therapy were more common in atopic children with H1N1 viral infection, but not in atopic children without H1N1 viral infection. Compared with children without atopy, more atopic children with H1N1 infection received systemic corticosteroid treatment (18.2% vs. 2.7%, respectively) and had parapneumonic effusion on chest radiography (15.1% vs. 2.7%, respectively). The mean serum total IgE level, prevalence of asthma, and previous history of asthma were also higher in children with atopic sensitization than in those without atopy. Atopic children without H1N1 viral infection showed higher blood eosinophil counts and lower C-reactive protein levels, whereas these parameters showed no significant differences in children with H1N1 viral infection.

DISCUSSION
==========

In this study, pneumonia was more prevalent in hospitalized children with H1N1 viral infection than in children without H1N1 infection, showing similar results to those from another study that demonstrated the percentage of children with pneumonia or atelectasis was significantly higher in the pandemic H1N1 influenza infection group than in the seasonal influenza infection group.[@B7] In a recent animal study using a ferret model, the presence of virus-infected cells was limited to the nasal turbinates in the seasonal influenza virus-inoculated model, whereas many infected cells were found in the trachea, bronchus, and bronchioles as well as the nasal cavity in ferrets inoculated with H1N1 influenza virus.11 This finding suggests that pandemic H1N1 influenza virus replicates more extensively in the lower respiratory tract, causing more severe lower respiratory tract diseases than those caused by seasonal influenza.

Several studies have proposed that asthma is a risk factor that worsens respiratory conditions in patients infected with pandemic H1N1 influenza.[@B8],[@B12] In this study, we also found that the prevalence of H1N1 infection was higher in children with a history of asthma and allergic rhinitis. However, in terms of pneumonia prevalence, there was no difference between children with and without asthma, whereas the atopic sensitization rate was higher in children with H1N1 pneumonia than in those with non-H1N1 pneumonia. In addition, among nine children who received ICU care, 16.7% with H1N1 pneumonia had a history of asthma compared with 66.7% with non-H1N1 pneumonia. Although the sample size was not sufficient to draw a firm conclusion, this observation may imply that a history of asthma may not be a risk factor for severe respiratory infection in children with H1N1 pneumonia.

Interestingly, the most striking finding in our study was that among children with H1N1 infection, children who had atopic sensitization showed more severe respiratory symptoms than children without atopic sensitization. Children with atopic sensitization had a higher prevalence of pneumonia and atelectasis, a longer duration of hospitalization, and an increased need for ICU care and oxygen therapy. In children with non-H1N1 infection, the prevalence of severe respiratory symptoms was not different between children with and without atopic sensitization. Therefore, we suggest severe pneumonia requiring ICU care and oxygen and steroid treatment is more likely to be related to atopic sensitization than to asthma in children with H1N1 virus infection. The pathogenesis may be explained by a different host cytokine expression profile and immune response to H1N1 virus. In a mouse study, the inhalation of ovalbumin after inoculation with H1N1 influenza virus produced a high level of specific IgE and increased airway responsiveness.[@B13] However, neither ovalbumin sensitization alone nor virus infection alone affected IgE production and airway responsiveness. In another mouse study, bovine serum albumin sensitization during the acute phase of influenza A infection recruited eosinophils into the lung and enhanced IL-10 production from CD4^+^ T cells, thereby provoking Th2 responses.[@B14] Thus, both virus factors and host immune factors appear to be important in IgE-mediated viral lower respiratory tract diseases, and atopic sensitization may be a prerequisite condition for virus-induced severe respiratory disease.

In this study, a higher proportion of atopic children with H1N1 viral infection had atelectasis and required ICU care, and oxygen and steroid therapy. This observation highlights the importance of influenza prevention through vaccination, especially in children with atopic sensitization, even when they have no obvious history of allergic diseases. A Japanese study also suggested that pandemic H1N1 viral infection could induce pneumonia and atelectasis in atopic children without a previous history of asthma.[@B7] In addition, patients with atopy have been shown to exhibit low natural killer cell activity.[@B15] We speculate that both an abnormality of innate immunity in atopic individuals and an affinity of the pandemic H1N1 virus for the respiratory tract may lead to increased susceptibility to severe lower respiratory tract diseases induced by H1N1 infection.

In our study, fever and cough were the most common symptoms of H1N1 infection, as in other studies.[@B16],[@B17] We found a high frequency (42.7%) of gastrointestinal symptoms such as vomiting and diarrhea, which are known to be more frequent among children than adults with influenza.[@B17],[@B18] Fortunately, no children with H1N1 pneumonia in our study required mechanical ventilation, had organ failure, or died during the pandemic H1N1 infection, because they received prompt treatment, including antiviral therapy, intravenous steroid treatment, and aggressive physiotherapy.

This study is limited by its retrospective design and small sample size. Due to a small sample size, we could not determine whether atopic sensitization itself, apart from asthma, was associated with H1N1 virus-induced severe lower respiratory tract diseases. Only a few association studies on atopic sensitization and clinical severity of pneumonia in H1N1-infected children have been performed, and further studies are needed to investigate the association and pathophysiological mechanism between viral infections and Th2 responses. Our study was also limited by an inability to differentiate primary pandemic influenza pneumonia cases from cases of secondary infections caused by other viruses or bacteria such as mycoplasma. This study only investigated H1N1 viral infection, and there is a need for studies examining other viral or mycoplasma infections that can cause pneumonia.

In conclusion, the results of the present study showed that the prevalence of H1N1 virus-induced severe lower respiratory tract diseases is higher in atopic children than in non-atopic children. From these results, it is highly recommended that children with atopic sensitization receive vaccination against influenza, especially during pandemic influenza viral infections.
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![Clinical features of children with H1N1 viral infection.](aair-4-277-g001){#F1}

![Radiographic findings of children with H1N1 pneumonia. (A) This chest X-ray shows atelectasis of the left upper lobe and consolidation in the left lower lobe. The mediastinal structure was markedly shifted toward the left side. (B) A chest CT scan demonstrates massive atelectasis of the left upper lobe, mediastinal shift to the left side, and pneumonic consolidation and pleural effusion in the left lower lobe.](aair-4-277-g002){#F2}
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Comparison of clinical and laboratory characteristics between children with and without H1N1 infection
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Comparison of clinical and laboratory characteristics between children with and without atopic sensitization
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Chest X-ray findings and clinical severity of children with H1N1 pneumonia and non-H1N1 pneumonia
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Respiratory severity in children with or without H1N1 virus-infection according to atopic sensitization
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CRP, C-reactive protein; ICU, intensive care unit; TEC, total eosinophil count.
